Abstract-Acute ethanol administration (4 g/kg i.p.) induced a significant decrease of nitrosoguanidine-sensitive guanylate cyclase activity in mouse cerebellum.
Abstract-Acute ethanol administration (4 g/kg i.p.) induced a significant decrease of nitrosoguanidine-sensitive guanylate cyclase activity in mouse cerebellum.
The enzyme activity was maximally attenuated 20 min after the administration and recovered to the initial level within 24 hr. When nitrosoguanidine-sensitive guanylate cyclase activity was assayed in the presence of thiols such as glutathione and dithiothreitol, no significant inhibition of the enzyme activity induced by ethanol was noted.
On the other hand, continuous ethanol inhalation for 6 days induced an increase of the nitrosoguanidine-sensitive guanylate cyclase activity in mouse cerebellumn.
These results indicate that a single ethanol injection causes a rapid decrease of nitrosoguanidine sensitivity of cerebellar guanylate cyclase.
It has been well established that guanylate cyclase (GC; EC 4.6.1.2.), which catalyzes the formation of cyclic GMP from GTP, plays a major role in the regulation of intra cellular cyclic GMP content. Although it has been reported that a number of drugs and neurotransmitters can alter cyclic GMP levels in the central nervous system (1), these compounds have no effect on GC activity when added to a cell-free system. Ethanol is also known as an agent which induces a marked decrease of cerebellar cyclic GMP content (2-4), but no information is available on whether or not this change is associated with the inhibition of cerebellar GC activity.
On the other hand, it is well known that GC is markedly activated by various compounds such as NaN3 (+cataIase) (5, 6), nitric oxide (7) and N-nitroso com pounds (8). Recent observations from our laboratory have suggested that these activators may act on GC through an endogenous activation mechanims (9-11). Therefore it is possible that ethanol modifies the sensitivity of GC by changing the functional state of the activator and thus alters the cyclic GMP content.
In the present study, we have investigated the effect of a single administration of ethanol on the sensitivity of cerebellar GC to nitrosoguanidine (MNNG; N-methyl-N' nitro-N-nitrosoguanidine) which is known as one of the most potent GC activators among the N-nitroso compounds.
MATERIALS AND METHODS
Preparation of samples: Male mice of the STD-dd/Y strain weighing 20-30 g were decapitated, and the cerebella were quickly removed and placed on ice. After sub arachnoidal membranes were carefully removed to prevent the contamination of hemoglobin into the assay mixture for GC activity, the cerebella were homogenized with 9 vol. of 0.32 M sucrose using a glass homogenizer with a Teflon pestle. The liver was perfused with 0.9% NaCI and homo genized with 9 vol. of 0.25 M sucrose. For the determination of cyclic GMP content in the cerebellum, each mouse was killed by focused microwave irradiation (5 mW, 0.5 sec), and the irradiated cerebellum was homogenized with 6% trichloroacetic acid . After centrifuging the homogenate at 5,000 x g for 20 min, the supernatant obtained was subjected to ether extraction three times to remove trichloroacetic acid. Cyclic GMP in the resultant aqueous phase was assayed by a radioimmunoassay method using a com mercially available kit (Yamasa Shoyu Co.).
Assay of guanylate cyclase (GC) activity: GC activity was assayed in a 20 id reaction mixture containing 50 mM Tris-HCI buffer (pH 7.7), 4 mM MnCI2, 0.1 MM [3H] GTP (purchased from the Radiochemical Centre, Amersham, and diluted to 0.5 Ci/mmol), 4 mM isobutylmethylxanthine, 3 mM cyclic GMP, 15 mM creatine phosphate, 20 ug of creatine kinase, and the enzyme sample (10-30 eg protein). Enzyme activity was determined by incubating the reaction mixture for 10 min at 37'C, and the radioactive cyclic GMP formed was separated using thin layer chromatography as previously described (12).
MNNG-sensitive GC activity was cal culated by subtracting the basal value (the activity determined in the absence of MNNG) from the MNNG-stimulated value (the activity determined in the presence of 1 mM MNNG). No significant difference in the basal activity of the enzyme samples used in this experiment was noted. Protein content was determined by the method of Lowry et al. (13) .
Administration of ethanol: To examine the effect of acute administration of ethanol (4 g/kg of body weight, unless otherwise indicated), a 40% (W/V) solution of ethanol was injected intraperitoneally. The blood ethanol of these animals was found to reach its maximal value at 30 min after the injection (3.61 +0.55 mg/ml plasma) and almost disappeared within 6 hr as previously described (14).
For a continuous adminis tration of ethanol, the inhalation method of Goldstein (15) was used with a slight modification.
To maintain high blood levels of ethanol, pyrazole (0.5 mmoles/kg, i.p.) was injected daily. After the inhalation of ethanol vapor for 6 days, the GC activities of the animals were determined.
Mice treated with pyrazole alone were used as the control in this subacute ethanol inhalation study. Figure 1 shows the time course of the alteration of cerebellar MNNG-sensitive GC activity following intraperitoneal injection of a single dose of ethanol (4 g/kg). The enzyme activity was maximally inhibited (60% of control) at 20 min after the injection and gradually restored. Similarly, cerebellar cyclic GMP content was markedly reduced, and this depletion lasted for 6 hr (Fig. 1) . MNNG-sensitive GC activity as well as cerebellar cyclic GMP level was recovered to the initial level at 24 hr after the administration. To examine whether or not this attenuation of the responsiveness of GC to MNNG is attributed to the direct effect of ethanol, the enzyme activity was assayed in the presence of various concentrations (0.5-20 mM) of ethanol.
RESULTS
No appreciable effect of ethanol in vitro, however, was noted.
In addition, acetaldehyde added in vitro (0.1-2 mM) also had no effect on the enzyme activity.
As shown in Fig. 2 , there was a dose dependent decrease of M N N G-sensitive G C activity when examined at 20 min after a single injection of ethanol.
On the other hand, cyclic GMP content showed the maximal decrease with the lowest dose of ethanol For the determination of MNNG-sensitive guanylate cyclase (GC) activity, mice were treated with a single dose of ethanol (4 g/kg) and killed by decapitation at various times after the injection. The other group of the animals equally treated with ethanol was killed by focused microwave irradiation, and cyclic GMP content in the cerebellum was assayed by radioimmunoassay.
Cerebellar guanylate cyclase activity in control animals (at time zero) determined in the absence of MNNG was 23±13 pmoles cyclic GMP formed /min/mg prot., and this was not altered significantly by a single ethanol administration. For the determination of MNNG-sensitive GC activity and cyclic GMP content, see details in Methods. Mice were treated by a single ethanol injection with various doses indicated and killed 20 min after the injection by decapitation and by microwave irradiation for the determination of MNNG-sensitive GC activity and cyclic GMP content, respectively. tested (2 g/kg) (Fig. 2) . Since it has been reported that heme derivatives (16) and thiols (17, 18) restore the responsiveness of partially purified GC to N-nitroso compounds, these agents were added iii vitro to examine whether or not they can alter the MNNG sensitivity of cerebellar GC (Table 1) Ethanol-treated mice were killed at 20 min after a single injection of ethanol (4 g/kg). MNNG sensitive GC activities in the cerebella from control and ethanol-treated mice were assayed in the absence (None) and the presence of each compound at final concentration indicated. Each value represents the mean±S.E. from three separate experiments. P value was calculated according to the Student's t-test. N.D.: not detected, N.S.: not significant. Mice were killed 20 min after a single ethanol injection (4 g/kg) (Acute) or 6 days after a continuous ethanol inhalation (Subacute) (See Methods for details). Guanylate cyclase activities in whole brain, cerebral cortex, cerebellum, and liver of control mice determined in the absence of MNNG (basal activity: pmoles cyclic GMP formed/min/mg prot.) were as follows: 23±13, 23±4, 31 {=14, and 6±3 (acute experiments) and 16±4, 34±13, 15±4, and 4±3 (subacute experiments), respectively.
No significant effect of ethanol administration was noted on these basal activities.
Each value represents the mean±S.E, from three separatr: experiments.
"Significant at P<,0.05 compared with each control value.
subacute ethanol administrations on MNNG sensitive GC activity in whole brain, cerebral cortex, cerebellum and liver. Single ethanol administration induced a significant decrease of the enzyme activity in the cerebral cortex as well as in the cerebellum.
On the other hand, continuous inhalation of ethanol for 6 days (subacute experiment) induced a significant increase of MNNG-sensitive GC activities in the cerebellum, while the enzyme activity in the liver was significantly reduced. Similar inhibitory effect of subacute inhalation of ethanol on hepatic GC activity (NaN3 activated) has been reported previously from our labolatory (19).
DISCUSSION
Although it has been demonstrated that ethanol produces various effects on the cyclic nucleotide system in the brain (2, 4, 20) , little is known about possible involve ment of the alteration of cerebellar GC activity in the exhibition of central actions of ethanol.
The present study has indicated that acute ethanol administration induces a decrease of MNNG-sensitive GC activity. It has been reported that various compounds including heme derivatives (16) and thiols (17, 18) restore the responsiveness of partially purified GC to MNNG.
In addition to these reports, the present study has also shown that only thiols can restore the enzyme activity attenuated by a single administration of ethanol.
Considering these observations, it can be said that ethanol may attenuate the MNNG-sensitivity of cerebellar GC which can be restored by thiols. Our recent studies have suggested that GC activity may be activated endogenously through a similar mechanism to that of MNNG action (9-11). Therefore it is also possible that this ethanol induced decrease of MNNG-sensitivity of cerebellar GC may be explainable by the inhibition of this endogenous activation mechanism for GC. It is of interest that a continuous inhalation of ethanol results in an increase of MNNG sensitive GC activity in the cerebellum and the cerebral cortex.
Since such a differential effect of the acutely and subacutely admin istered ethanol on the enzyme activity is hardly observed in the liver, it is suggested that this increase of MNNG-sensitive GC activity may be involved in the central mechanism of ethanol dependence.
Studies are under way in our laboratory on detailed mechanisms and pharmacological sig nificances of the alteration of MNNG sensitivity of cerebellar GC induced by acute and continuous administrations of ethanol.
